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(54) FLUID PUMP 

(57) impel jer 21 is rotatably disposed within a pump 
housing that includes pump cover 5 and pump body 18. 
Inlet port 19, body groove 31 , partition 33 and blocking 
wall 37 are formed in the pump body 18. The body 
groove 31 defines a first pump, channel 35, and the 
blocking wall 37 defines a enlarged channel portion 38. 
Outlet port 20, cover groove 32 and partition 34 are 
formed in the pump cover 5. The cover groove 32 de- 
fines a second pump channel 36. Distance ® between 



a terminal end of the first pump channel 35 and a termi- 
nal end of the outlet port 20, distance © between a 
starting end of the enlarged channel portion 38; and a 
starting end of the second pump channel 36, length ® 
of the partition 34 and length® of the partition 33 each 
are chosen to be optimum values such that the amount 
of fluid that is discharged through the outlet port 20 and 
the ; amount of fluid that flows in though the inlet port 19 
increase. \ 
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Description 

Field of the Invention 

[0001 ] The present invention relates to fluid pumps for 5 
supplying a fluid, and more particularly, to fluid pumps 
that are used as fuel pumps for supplying fuel from a 
fuel tank to an engine. 

Background of the Invention 

[0002] An example of a fuel pump is disclosed in Jap- 
anese Laid-Open Patent Publication No. 8-14184, 
which is an in-tank fuel pump disposed within a fuel tank. 
[0003] In this known Hiel pump, an impeller is mount- 
ed on a shaft of a motor and is rotatably disposed within 
a pump housing. Blades are formed within both axial 
end surfaces of the impeller and are disposed at a pre- 
determined pitch along the perimeter of the impeller. A 
blade groove is formed between each of the blades. The 
pump housing has an inlet port through which fuel flows 
in, an outlet port through which fuel is discharged, a 
pump channel and a partition. The inlet port is formed 
on one axial side of the impeller. The outlet port is 
formed on the other axial side of the impeller. The pump 
channel extends from the inlet port to the outlet port 
along a travelling path of the impeller blades. The par- 
tition is formed between the inlet port and the outlet port. 
The pump channel includes a first pump channel and a 
second pump channel. The first pump, channel feces 3° 
one end surface of the impeller on the side of the inlet 
port. The second pump channel faces the other end sur- 
face of the impeller on the side of the outlet port. In this 
known fuel pump, a terminal end of the outlet port is lo- 
cated at a position displaced by one-half of the pitch of 35 
the blades from a terminal end of the first pump channel 
downstream in the direction of rotation of the impeller. 
Further, a starting end of the second pump channel is 
located at a position displaced by one-half of the pitch 
of the blades from a starting end of the inlet port down- 40 
stream in the direction of rotation of the impeller. 
[0004] In fuel pumps that are typically used, one-half 
of the pitch of the blades is about 10° or less. Specifi- 
cally, in this case, the terminal end of the outlet port is 
located at a position displaced at a maximum of about *s 
10° from the terminal end of the first pump channel 
downstream in the direction of rotation of the Impeller. 
The starting end of the second pump channel is located 
at a position displaced at a maximum of about 10° from 
the starting end of the inlet port downstream in the di- so 
v rection of rotation of the impeller. 
[0005] Fuel that flows through the second pump chan- 
nel is directly discharged through the outlet port. Further, 
fuel flowing through the first pump channel is drawn from 
near the terminal . end of the first pump channel to the & 
second pump channel and then discharged through the 
outlet port. In the known fuel pump, if the rotational 
speed (peripheral velocity) of the impeller is high, fuel 



flowing through the first pump channel will pass a posi- 
tion corresponding to the outlet port before flowing from 
near the terminal end of the first pump channel to the 
second pump channel. Therefore, the known fuel pump 
cannot increase fuel discharge, thus preventing an in- 
crease in the pump efficiency. 

[0006] Further, some of the fuel within the blade 
grooves is not discharged through the outlet port. Such 
fuel is drawn toward the inlet port while being confined 
within the blade grooves by the partitions. The fuel that 
is confined within the blade grooves by the partitions is 
highly pressurized. Therefore, after having passed 
along the partitions, such fuel is ejected into the second 
pump channel and the inlet port at the starting end of 
the second pump channel and the starting end of the 
inlet port. In the known fuel pump, the high-pressure fuel 
that has been confined within the blade grooves flows 
back into the inlet port and collides with fuel that flows_ 
in through the inlet port. Therefore, the known fuel purr 
cannot increase the amount of fuel that flows in through 
the inlet port, thus preventing an increase in the pump 
efficiency. 

Disclosure of the Invention 

[0007] It is, accordingly, an object of the present in- 
vention to provide a fluid pump having increased pump 
efficiency. 

[0008] One means for attaining this object is to adjust 
the distance between a terminal end of the outlet port 
and a terminal end of the first pump channel provided 
on the side of the inlet port. Preferably, the terminal end 
of the outlet port is located at a position displaced about 
25° to 60° from the terminal end of the first pump chan- 
nel in the direction of rotation of the impeller. With this 
construction, the fluid that flows through the first pump 
channel can be reliably discharged through the outlet 
port even when the rotational speed of the impeller 
high. Thus, the pump efficiency can be increased. 
[0009] Another means for attaining this object is to 
provide an enlarged channel portion that is defined be- 
tween a partition and a channel communicating portion 
at which the first pump channel communicates with the 
inlet port. The enlarged channel portion has a larger flow 
passage area than a flow passage area decreased by 
the partition. In this case, the distance between a start- 
ing end of the second pump channel and a starting end 
of the enlarged channel portion is preferably adjusted. 
Thus, the starting end of the second pump channel is 
preferably located at a position displaced about 8° to 
30° from the starting end of the enlarged channel portion 
in the direction of rotation of the impeller. With this con- 
struction, the high-pressure fuel that has been confined 
within the blade grooves can be prevented from flowing 
back into the inlet port. Further, negative pressure can 
be increased in the channel communicating portion on 
the side of the inlet port. Thus, the amount of fluid that 
flows in through the inlet port can be increased, thereby 
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improving the pump efficiency. ■ 
[0010] A further, means for attaining this object is to 
adjust the length of the partition formed on the side of 
the second pump channel. Preferably, the angular 
length of the partition formed oh the side of the second 
pump channel is chosen to be between about 25° to 45°. 
With this construction, the relationship between the 
length (sealing width) of the partition and the flow pas- 
sage length of the second pump channel can be opti- 
mized, so that the pump efficiency can be increased. 
[001 1].; ; A still further means for attaining this object is 
to adjust the length of the partition formed on the side 
of the first pump channel : Preferably, the ariguiar length 
of the partition formed on the side of the first pump chan- 
nel is chosen to be between about 60f to 80^. With this 
construction, the relationship between the length (seal- 
ing width) of the partition and the flow passage length 
of the first pump channel can be optimized, so that the 
pump efficiency can be increased; 
[001 2] Additional objects, features and advantages of 
the present invention will be readily understood after 
reading the following detailed description together with 
the accompanying drawings and the claims. 

Brief Description of the Drawings 

[0013] 

Fl G . 1 is ^ sectional view of a fluid pump according 
to a preferred embodiment of the present invention; 
Fl (3 . 2 is a sectional viewtaken along line ll-ll shown 
in FIG 1; \ 

FIG 3 is a sectional view taken along line Ill-Ill 
shown in;F(^;i; : ; - ••' ■[;' ':■ •;>/* \. ; :t J .' / 
FIG. 4 is a plan view as viewed from one side of an 
impeller; 

FIG 5 is a plan view as viewed from the other side 
of the impeller; 

FIGv 6 is a sedtiohal view taken along line Vl-Vl 
shown in FIG. 1; 

FIG. 4 7 is a sectional view taken along line Vll-yil 
shown in F|G. 6; 

FIG; 8 is _ : a;fce ctionai view taken along line Vlli-VIII 
shown in FIG. 4; 

F|G 9 is a plan view of an opening of the impeller; 
FIG. 10 is a graph showing the relationship between 
the pump efficiency and the distance from the ter- 
minal end of the first pum^^ to the terminal 
end of the outlet port; < 
FIG.il is a graph showing the relationship between 
the pump efficiency and the distance from the start- 
ing end of the enlarged channel portion to the start- 
ing end of the second pump channel; 
FIG: 12 is a graph shoving the re 
the pump effi tie ncy and .tfte ,: cover seal angl e ; and t 
FIG.1 3 is a graphrshbwing the relationship between 
the pump i efficiency and I the body seal angle/ 



Best Modes for Performing the Invention 

[0014] Typically, fluid pumps include an impeller hav- 
ing blade grooves formed along a perimeter of the im- 

5 poller and a pump housing covering the impeller. The 
pump housing has an inlet port formed on one axial side 
of the impeller, an outlet port formed on the other axial 
side of the impeller, a pump channel extending between 
the inlet port and the outlet port along a travelling path 

10 of the blade grooves, and a partition formed between 
the inlet port and the outlet port. Further, the pump chan- 
nel has a first pump channel that faces one end surface 
of the impeller on the side of the inlet port and a second 
pump channel that faces the other end surface of the 

15 impeller on the side of the outlet port. 

[001 5] Fluid is drawn into the inlet port and flows to- 
ward the outlet port along the first pump channel or the 
second pump channel via the impeller. Fluid within the 
second pump channel is directly discharged through the 

2p outlet port. Further, fluid within the first pump channel is 
drawn into the second pump channel and is then dis- 
charged through the outlet port. At this time, if the pe- 
ripheral velocity of the impeller is higher than the flow 
velocity at which the fuel within the first pump channel 

25 flows toward the second pump channel, the fuel within 
the first pump channel will not be drawn into the second 
pump channel. Such fuel will pass along the partitions 
while being confined within the blade grooves. In one 
aspect of the present invention, the distance between 

30 the terminal end of the first pump channel and the ter- 
minal end of the outlet port is adjusted: Preferably, the 
distance; between the terminal end of the first pump 
channel and the terminal end of the outlet port is chosen 
to be between about 25° to 60° 

35 [0016] : Furi^^ blade 
grooves is not disch^^d through th^ 
instead confined within the blade grooves. In this state, 
the fuel is highly pressurized and passes along the par- 
titions. The high-pressure fuel is then ejected into the 

40 channel OTmmurii^ 

channel communicates with the inlet port If the high- 
presstire fuel that has t^n ejedeid into thj^ channel 
cbmnnuni^ng portion flows back Into port, the 

; high-pressure Kiel ^ will collide with fuel that flows in 

45 through the inlet port. Th^ will cause a reduc- 

tipnoftheam^ 

port In another aspect of the invention, the enlarged 
channel portion is formed in the partition that is formed 
;;; on the side pf the inlet pprt^ in the wall sur- 

50\ face edj^cent to i^e m 

between the starting end of the enlarged channel portb 
and the starting end of the 

ciosei the . high-pressure fgel that has; Seen confined 
within the blade growes will be ejected substantially at 
55 the samje time into the enlarged channel portion and the 
second pump channel. In this rase, negative pressure 
will be reduced in the. channel communicating portion 
on the side of the inlet port, which reduces the amount 
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of fuel that flows in through the inlet port. Therefore, in 
a further aspect of the invention, the distance between 
the starting end of the enlarged channel portion and the 
starting end of the second pump channel is adjusted. 
Preferably, the distance between the starting end of the 
enlarged channel portion and the starting end of the sec- 
ond pump channel is chosen to be between about 8° to 
30°. 

[0017] Further, if the flow passage lengths of the 
pump channels are increased, the pump efficiency will 
be increased. On the other hand, if the length (sealing 
width) of the partition is shortened, a greater amount of 
fuel will leak from the outlet port side to the inlet port 
side via the partition. As a result, the pump efficiency 
will be reduced. Therefore, in a still further aspect of the 
invention, the length of the partition formed on the side 
of the first pump channel or the length of the partition 
formed on the side of the second pump channel is ad- 
justed. Preferably, the length of the partition formed on 
the side of the first pump channel is chosen to be be- 
tween about 60° to 80°. Further, the length of the parti- 
tion formed on the side of the second pump channel is 
chosen to be between about 25° to 45°. 
[0018] Representative examples of the present inven- 
tion will now be described in detail with reference to the 
attached drawings. This detailed description is merely 
intended to teach a person of skill in the art further de- 
tails for practicing preferred aspects of the present 
teachings and is not intended to limit the scope of the 
invention. 

[0019] FIG. 1 is a view of a representative embodi- 
ment, showing an in-tank fuel pump for a vehicle that 
comprises a fluid pump according to the present inven- 
tion. FIG. 2 is a sectional view taken along line INI 
shown in FIG. 1 . FIG. 3 is a sectional view taken along 
line 1 1 Ml I shown in FIG. 1 : FIG . 4 is a plan view as viewed 
from one axial side of an impeller. FIG. 5 is a plan view 
as viewed from the other axial side of the impeller. FIG. 

6 is a sectional view taken along line VI-VI shown in FIG. 
1. FIG. 7 is a sectional view taken along line VII-VM 
shown in FIG. 6. FIG. 8 is a sectional view taken along 
line Vlil-VMI shown in FIG. 4 (a sectional view taken 
along the radial direction of the Impeller). FIG. 9 is a plan 
view of an opening of the impeller. 

[0020] As shown in FIG. 1, the fuel pump includes a 
motor section 1 and a pump section 2 that are disposed 
within a cylindrical housing 3. A motor cover 4 and a 
pump cover 5 are fixedly attached to the upper end (the 
upper portion in FIG. 1) and the lower end (the lower 
portion in FIG. 1) of the housing 3, respectively. 
[0021] Bearings 9 and 10 support an upper end por- 
tion and a lower end portion of a shaft 8 of an armature 

7 of the motor section 1 , which are disposed within the 
motor cover 4 and the pump cover 5, respectively. Thus, 
the armature 7 is rotatably disposed within a motor re- 
ceiving portion 6. A plurality of commutator segments 
12 are disposed in the armature 7 and are insulated from 
each other. The commutator segments 12 are primarily 



formed of copper or silver and are connected to the coil 
of the armature 7. A magnet 11 is disposed on the inner 
peripheral surface of the housing 3. 
[0022] A brush 13 and a spring 14 are disposed within 
5 the motor cover 4. The brush 13 contacts and slides 
along the commutator segments 12 of the armature 7. 
The spring 14 urges the brush 13 toward the commuta- 
tor segments 12. The brush 13 is connected to an out- 
side connecting terminal via a choke coil 15. A check 

10 valve 17 is disposed within a discharge port 16 that is 
formed in the motor cover 4. A fuel supply pipe (not 
shown) is connected to the discharge port 16. 
[0023] A pump body 1 8 is secured to the lower end of 
the housing 3 below the pump cover 5 by caulking. The 

15 pump cover 5 and the pump body 1 8 form a pump hous- 
ing. The pump cover 5 and the pump body 18 may be 
formed, for example, of die-cast aluminum. 
[0024] A disc-like impeller 21 is rotatably disposed^ 
within the pump housing. The impeller 21 has a plurali' 

20 of blade grooves 23 that are formed within both axial 
end surfaces of the impeller 21 and along the perimeter 
of the impeller 21 . The 'impeller 21 is fitted around and 
connected to the shaft 8 of the armature 7. The impeller 
21 may be formed, for example, of phenol resin. 

25 [0025] Fuel flows in through an inlet port 19 that is 
formed on one axial side of the impeller 21 (in the pump 
body 18 under the impeller 21 in FIG. 1) in the pump 
housing. Further, fuel flows out through an outlet port 20 
that is formed on the other axial side of the impeller 21 

30 (in the pump cover 5 on the impeller 21 in FIG. 1). As 
shown in FIGS. 2 and 3, the inlet port 19 and the outlet 
port 20 are disposed in a position separated from each 
other in the circumferential direction of the impeller 21 . 
A body groove 31 is formed on one axial side of the im- 

35 " peller 21 (in the pump body 18 under the impeller 21 in 
FIG. 1 ). The body groove 31 extends between the inlet 
port 19 and the outlet port 20 along the travelling path 
of the blade grooves of the impeller 21. In addition, 
cover groove 32 is formed on the other axial side of the 

40 impeller 21 (in the pump cover 5 on the impeller 21 in 
FIG. 1). The cover groove 32 extends between the inlet 
port 19 and the outlet port 20 along the travelling path 
of the blade grooves of the impeller 21. Further, as 
shown in FIG. 7, a partition 33 is formed on one axial 

45 side of the impeller 21 (on the side of the body groove 
31), and a partition 34 is formed on the other axial side 
of the impeller 21 (on the side of the cover groove 32). 
The body groove 31 and the cover groove 32 define a 
first pump channel 35 and a second pump channel 36. 

so The first pump channel 35 and the second pump chan- 
nel 36 extend between the inlet port 19 and the outlet 
port 20 along the travelling path of the blade grooves 
that are formed along the perimeter of the impeller 21. 
The partitions 33 and 34 partition the body groove 31 

55 and the cover groove 32, respectively, between the out- 
let port 20 and the inlet port 19. 

[0026] The pump channels 35 and 36 correspond to 
a first pump channel and a second pump channel of the 
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present invention, respectively. 

[0027] A blocking wall 37 extends from the wall sur- 
face of the partition 33 formed on the side of the inlet 
port 19 of the pump body 18 and protrudes in the direc- 
tion of rotation of the impeller 21 (to the right as viewed 5 
in FIG. 7). The first pump channel 35 communicates with 
the inlet pbrt 19 at a channel communicating portion 39. 
The blocking wall 37 extends from the partition 33 into 
the channel communicating portion 39 in the direction 
of rotation of the impeller 21. The blocking wall 37 is *9 
contiguous with the entire peripheral wall surface of the 
inlet port 19 except a wall portion defining the channel 
communicating portion 39. The blocking wall 37 may be 
integrally formed with the pump body 18. Alternatively, 
the blocking wall 37 may be separately formed in ad- 15 
vance and fixedly attached to the pump body 18. Fur- 
ther, the blocking wall 37 defines a enlarged channel 
portion 3$ between the partition 33 and the channel 
communicating portion 39. The enlarged channel por- 
tion 38 has a larger flow passage area than the flow pas- 
sage area that is by the partitions 33 and 34- 
[0028] The construction of fhisiWiiMllefZ^w^ll :now-be-' 
explained As shown in FIGS. 4 and 5, blades 22 are 
formed within both axial end surfaces of the impeller and 
are disposed along the perimeter of the impeller. Blade 
grooves 23 are formed between each of the blades 22 
[0029] As shown in FIG. 8, each of the blade grooves 
23 may have a curved section with respect to the radial 
direction of the impeller 21. VFu%er;as8hpwh;in FIG. 7, 
the blade groove 23 has a curved section with respect 30 
to the circumferential direction of the impeller 21, which 
curved section is inclined rearward in the direction of 
rotation of the impeller 21. For example, it has an in- 
clined circuJar or elliptical shape 

[0030] By thus forming the blade groove 23 having a 35 
curved section .with respect to the circumferential direc- 
tion of the impeller 21, the pump efTidency can be in- 
creased. Specifically, as shown by arrows in FIG 8, 
when fuel flows from the inlet port 1 9 to the outlet port 
20, the fuel flows outward in the radial direction along *o 
the blade grooves 23 of the impeller 21 and collides with 
the radially outwardly protrusions of the wall surfaces of 
the body grodve 31 and the cover groove 32. Then, the 
fuel flows inward in the radial direction along the wall 
surfaces of the body groove 31 and the cover groove 32 
ah^agaiir^ 

blade grooves 23. Thus, an eddy flow is generated. The 
velbci^ pf the eddy flow in ^ 
... ;is 1e^;ihan?i^ : . 
Therefore, after the fuel has mbved inwarcl in the radial 
direction along the body groove 31 and the cover groove 
32, the fgel flows into blade grooves 23 located rearward 
in the direction of rotation of the impeller 21 , In this em- 
bodiment , 'because each of the biade grooves 23 has a . 
curved section with respect to the circumferential direc- 55 
ton of the impeller 21, fluid resistance in the blade 
grooves 23 is reduced in i the dr^rrrf ; 
thereby enhancing trie pu^ 
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[0031] As shown in FIG; 9, an opening of each of the 
blade grooves 23 includes four opening edge portions 
61, 62, 63 and 64. The opening edge portion 61 is lo- 
cated forward in the direction of rotation of the impeller 
(on the right side as viewed In FIG. 9) and extends in 
the radial direction, the opening edge portion 62 is lo- 
cated rearward in the direction of rotation of the impeller 
(on the left side as viewed in FIG. 9) and extends in the 
radial direction. The opening edge portion 63 is located 
inward in the radial direction of the impeller (on the lower 
side as viewed In FIG. 9) and extends in the circumfer- 
ential direction. The opening edge portion 64 is located 
outward in the radial direction of the impeller (on the up- 
per side as viewed In Fl (3. 9) and extends in the circum- 
ferential direction. A meeting portion 65 between the 
". owning edge portions 62 and 63, a meeting portion 66 
between the opening edge portions 62 and 64, a meet- 
ing portion 67 between the opening edge portions 61 
and 63, meeting portions 68 and 69 between the open- 
ing edge portions 61 and 64, and the opening edge por- 
tion 62 each have a curved shape. In tn 
the meeting portion 66 has a circular shape having a 
radius R in the direction of rotation of the impeller. The 
meeting portion 69 has a circular shape having a radius 
r in the direction of rotation pf the impeller. By thus form- 
ing the opening edge portion of the opening of the blade 
groove 23 and the meeting portions of the opening edge 
portions with a curved shape, the pump efficiency can 
be increased. Specifically, because the meeting portion 
65 between the opening edge portions 62 and 63 has a 
curved shape , fuel smoothly flows into the blade groove . 
23 and thus can be prevented from flowing backward. 
Further, because the opening edge portion 62 has a 
curved shape? the eddy flow discharged from the Blade 
grooves 23 can smoothly change its direction, sp that ', 
i the velocity vector in the drc^ 
be readily generated. Further, because the meeting por- 
tion 67 between the opening edge portions 61 and 63 ... 

• and the meeting portions 68 and 69 between the open- 
ing edge portions 61 and 64 have a curved shape, fluid 
resistance can be reduced, which increases the pump 
efficiency. 

[OM^y in addition, tte 23 

* may belted in ^ racial dire 
example, as shown by dotted line 70 in FIG 9, the open- 
ing m ^^d^forwar^ in the 
diredidhbf 
:resp^^ 

ance can be reduced ■ V . z ; 

[0033] Communicating holes 24 may each extend be- 
tween the rear portions (the left portions as viewed in 
FIGS. 7 and 9), which are located rearward in the direc- 
tion of rotation of the impeller, of each back-to-back pair 
of the blade grooves 23 that are I'j^^d'WithlniotK'axlai 
end surfaces of the impeller 21. The shape and size of 
the cxjrrim 

priateiy; By thus forming the commUhiMtirig holes 24 
between the rear portions of the back-to^back pairs of 
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the blade grooves 23 formed in the both end surfaces, 
the pump efficiency can be increased. Specifically, be- 
cause the eddy flow is generated within the blade 
grooves 23 in the rear in the direction of rotation, the 
pressure increases within the blade grooves 23 in the « 
rear in the direction of rotation. Therefore, as shown by 
arrow G in FIG. 7, when the blade grooves 23 reach a 
position that faces the outlet port 20, the fuel can be 
more easily and smoothly drawn out of the blade 
grooves 23 formed on the side opposite to the side of 10 
the outlet port 20 into communicating holes 24 and the 
fuel is discharged from the outlet port 20 through the 
communicating holes 24. As a result, the pump efficien- 
cy can be increased. 

[0034] Vapor is generated when the temperature of 15 
the fuel rises. If the vapor is drawn into the first pump 
channel 35 or the second pump channel 36 through the 
inlet port 19 and enters the blade grooves 23, the pump 
efficiency will be reduced. Therefore, a vapor discharge 
port is typically provided in the body groove 31 or the 20 
cover groove 32 so that vapor within the blade grooves 
23 is discharged through the vapor discharge port. In 
this embodiment, because the communicating holes 24 
extend between the blade grooves 23 that are formed 
within both axial end surfaces of the impeller.2 1 , the va- 25 
por within the blade grooves 23 can be discharged more 
efficiently. Specifically, vapor within the blade grooves 
23 formed on the side opposite to the side of the vapor 
discharge port is directed into the blade grooves 23 
formed on the side of the vapor discharge port through 30 
the communicating holes 24. As a result, vapor can be 
more efficiently discharged from the blade grooves 23 
formed on the side opposite to the side of the vapor dis- 
charge port, which improves the pump efficiency. 
[0035] The fuel pump thus constructed operates as 35 
follows. 

[0036] When the motor section 1 is energized, the 
shaft 8 rotates and thus the impeller 21 rotates. Thus, 
fuel is drawn from a fuel tank (not shown) into the inlet 
port 1 9 and flows toward the outlet port 20 along the first *o 
pump channel 35 or the second pump channel 36 via 
the blade grooves 23 of the impeller 21 . When the fuel 
reaches the outlet port 20, the fuel is discharged into the 
motor receiving portion 6 through the outlet port 20. At 
this time, fuel within the second pump channel 36 is di- *s 
rectly discharged through the outlet port 20. Further, fuel 
within the first pump channel 351s drawn into the second 
pump channel 36 by pressing againstthe wall of the ter- 
minal end of the body groove 31. Then, the fuel is dis- 
charged through the, outlet port 20. so 
[0037] If the peripheral velocity of the impeller 21 is 
higher than the flow velocity at which the fuel within the 
first pump channel 35 flows toward the outlet port 20, 
the fuel within the first pump channel 35 will not be dis- 
charged through the outlet port 20. Such fuel will be con- ss 
fined within the blade grooves 23 and will flow toward 
the inlet port 1 9. As a result, the pump efficiency will be 
reduced. 



[0038] In this respect, the distance between the ter- 
minal end of the outlet port 20 and the terminal end of 
the first pump channel 35 may be adjusted, so that the 
fuel within the first pump channel 35 can be reliably dis- 
charged through the outlet port 20 even when the pe- 
ripheral velocity of the impeller 21 is higher. Therefore, 
in the present embodiment, the pump efficiency is in- 
creased by adjusting the distance between the terminal 
end of the outlet port 20 and the terminal end of the first 
pump channel 35. 

[0039] FIG. 10 shows the relationship between the 
pump efficiency and the distance ® (see FIGS. 6 and 
7) between the terminal end of the first pump channel 
35 and the terminal end of the outlet port 20. The termi- 
nal end of the outlet port 20 is located forward (down- 
stream) of the terminal end of the first pump channel 35 
in the direction of rotation of the impeller 21. The data 
shown in FIG. 10 was obtained by conducting an exper- 
iment using a fuel pump that has an impeller 21 havir 
a thickness of 3.8 mm and an outer diameter of 33 mm. 
In the experiment, the fuel pump was operated at a mo- 
tor supply voltage of 1 2 V, a fuel pressure of 324 kPa, a 
fuel discharge rate of 100 liters/hr, and a rotational 
speed of 7000 rpm. The pump efficiency was obtained 
from the following equation: 

pump efficiency = g x (P x Q) / (T x N), 

wherein g represents acceleration, T represents 
the motor torque, N represents the rotational speed, P 
represents the fuel pressure, and Q represents the fuel 
discharge rate. 

[0040] As shown in FIG. 10, improved pump efficiency 
can be obtained when the distance (angle in FIG. 10) 
® between the terminal end of the first pump channel 
35 and the terminal end of the outlet port 20 is chosen 
to be between about 25° to 60°. With the above-notr 
specifications, the best pump efficiency can be obtained 
when the angle ® between the terminal end of the first 
pump channel 35 and the terminal end of the outlet port 
20 is about 42°. In this embodiment, the pump efficiency 
can be increased by a maximum of about 1 %. 
[0041] Further, some of the fuel within the blade 
grooves 23 is not discharged through the outlet port 20. 
The fuel is confined within the blade grooves 23 by the 
partitions 33 and 34. In this state, the fuel is highly pres- 
surized and passes along the partitions 33 and 34. 
When the blade grooves 23 confining the high-pressure 
fuel reaches the channel communicating portion 39 at 
which the first pump channel 35 communicates with the 
inlet port 19, or the starting end of the second pump 
channel 36, the high-pressure fuel within the blade 
grooves 23 is ejected into the channel communicating 
portion 39 or the second pump channel 36. If the high- 
pressure fuel that has, been ejected into the channel 
communicating portion 39 flows back into the inlet port 
19, the high-pressure fuel will collide with fuel flowing in 
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through the inlet port 19. This collision will cause a re- 
duction of the amount of fuel that flows in through the 
inlet port 19, which reduces the pump efficiency. 
[0042] In this respect, jthe high-pressure fuel may be 
prevented from flowing back into the inlet port 19, there- 
by preventing the high-pressure fuel from colliding with 
fuel flowing in through the inlet port 19. Therefore, in the 
present embodiment, this! enlarged channel portion, 38 
is provided in the partition 33 of the pump body 18 on 
the side of the inlet port 1 9 in ord£r to prevent the high- 
pressure fuel from flowing back into the inlet port 19. 
Thus, the amount of fuel that flows in through the inlet 
port 19 is not reduced. . j 

[0043] As shown in FiG. 7, in the present embodi- 
ment, a blocking wall 37 extends from the wall surface 
of the partition 33 of the pump body 18 on the side of 
the inlet port 19 (forward in the direction of rotation of 
the impeller) The blocking wall 37 has a stepped shape 
with respect to the partition 33. Thus, the enlarged chan- 
nel portion 38 is defined between the partition 33 and 
the channel communicating portion 39. The enlarged 
channel portion 38 has a larger flow passage area than 
the flow passage area ttjiat is reduced by the partitions 
33 and 34. The configuration of the blocking Wall 37 rriay 
be varied, and the flow ipassage area of the enlarged 
channel portion 38 also rriay be varied For example, the 
blocking wall 37 may have a platelike shape, or may 
have an inclined wall surface that Is formed along the 
inlet port 19 and inclined in the direction of rotation of 
the impeller 21 from the side of the inlet port 19 toward 
the chahhel communicating portion 39, Further, a wall 
surface of the channel communicating portion 39 that 
faces the blocking wall 37 may preferably comprise an 
inclined surfacei that is inclined in ffie illrection of rotation 
of the impeller 21 from the side of the inlet port 19 toward 
the first pump channel 35 , 

[0044] When the high-pressure fuel that has been 
confined within the blade grooves 23 passes along the 
partition 33 arid reaches the enlarged channel portion 
38, the fuel is ejected into the enlarged channel portion 
38 Then, the fuel is directed to the channel communi- 
cating portion 39 along the blocking wall 37 that defines 
the enlarged channel portion 38 Thus, the high-pres- 
sure fuel that has been confined within the blade 
grooves 23 can be prevented from flowing back into the 
inlet port 19, thefetyf preyer^ of the 

amount of fuel that flows in through the inlet port 19 As 
a result, the pump efficiency is increased 
[0045] Further, if the cf (stance between the starting 
end of the enlaced ^ 

end of the second pump! channel 36 is close, the high- 
pressure fuel that has been confined within the blade 
grooves 23 will pass alohg the partitions 33 and 34 and 
then will be ejected substantially at the same time into 
the enlarged channel portion 38 and the second pump 
channel 36 In this case; the ejecting pressures of the: 
High-pressure fuel that Is ej^ct^ into the 
nel portion 38 and thus into the channel communicating 
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portion 39 will be reduced. If the ejecting pressure of the 
high-pressure fuel that is ejected into the channel com- 
municating portion 39 is reduced, negative pressure will 
be reduced in the channel communicating portion 39 on 
the side of the inlet port 1 9, thereby reducing the amount 
of fuel that flows in through the inlet port 19. 
[0046] In this respect, the ejecting pressures of the 
high-pressure fuel that is ejected into the enlarged chan- 
nel portion 38 and thus into the channel communicating 
portion 39 can be increased by adjusting the distance 
between the starting end of the enlarged channel portion 
38 arid the starting end of the second pump channel 36. 
Therefore, in the present embodiment, the distance be- 
tween the starting end of the enlarged channel portion 
38 and the starting end of the second pump channel 36 
is adjusted in order to prevent a reduction of the negative 
pressure in the channel communicating portion 39 on 
the side of the inlet port 19. 

[0047] FIG. 11 shows the relationship between the 
pump efficiency arid the distance® (see FIGS. 6 and 
7) from the starting end of trie enlarged channel portion 
38 to the starting end of the second pump channel 36. 
The starting end of the second pump channel 36 is lo- 
cated forward of the Starting end of the enlarged channel 
portion 38 in the direction of rotation of the impeller 21. 
The data shown in FIG. 1 1 was obtained by using a fuel 
pump haying the. same specifications as the above- 
mentioned fuel pump used in the experiment of FIG. 10. 
[0048] As shown in FIG. 11 . improved purrip efficiency 
can be obtain^ when the distance (angle in FIG. 11) 
0 between the ^rting end of the enlarged channel 
portion 38 and [.'the starting end of the second purrip 
channel 36 is chosen to be between about 8° to 30° 
With the above-noted specifications, the best pump ef- 
ficiency can be obtained when the angle © between 
the starting end of the enlarged channel portion 38 and 
the starting end of the second pump channel 36 is about 
17°. In this embodiment, the pump efficiency can be in- 
creased by a maximum of about 0.5 % . 
[0049] Further, if the flow passage lengths of the 
pump channels 35 and 36 are increased^ the pump ef- 
ficiency will be increased. On the other hand, when the 
flow passage lengths of the purrip channels 35 and 36 
are incased, ^elerif^^ parti- 
tions 33 and &^an> shortened \l the ^rcumferential 
lengtti of the irripeiler 21 Is iipt /chOTjgedl'' 'if ; thia jendths ; 
of this jwrtitloris S3 and 34 are shortened, ah^ 
amount of fuel will leak fromthe outlet port side to the 
inlet port side via the partitions 33 and 34 due to the fuel 
pressure difference between the outlet port side and the 
inlet port side of the partitions 33 and 34 As a result, 
the pump efficiency ; Will ^ 

pump eiffidency can be changed by Varying the lengths 
(sealing widths) of the partitions 33 and 34 or the rela- 
tionship t?etweeri^ of the par- 
titions 33 and 34 and the flow passage lengths of the 
purrip channels 35 land 36. "f 

[0050] Therefore, in the present embodiment, the flow 
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passage length of the second pump channel 36 and the 
length (sealing width) of the partition 34 are adjusted in 
order to increase the pump efficiency. FIG. 12 shows 
the relationship between the pump efficiency and the 
length® (see FIGS. 6 and 7) of the partition 34 formed 
on the side of the pump cover 5. The data shown in FIG. 
12 was obtained by using a fuel pump having the same 
specifications as the above-mentioned fuel pump used 
in the experiment of FIG. 10. 

[0051] As shown in FIG. 12, when the length of the 
partition 34 (cover seal angle of the partition 34 in FIG.. 

12) (D is chosen to be between about 25° to 45°, the 
relationship between the length (sealing width) of the 
partition 34 and the flow passage length of the second 
pump channel 36 can be optimized, so that the pump 
efficiency can toe increased. 

[0052] Further, in this embodiment, the flow passage 
length of the first pump channel 36 and the length (seal- 
ing width) of the partition 33 are adjusted so that the 
pump efficiency can be increased. FIG. 13 shows a re- 
lationship between the pump efficiency and the length 
@ (see FIGS. 6 and 7) of the partition 33 formed on the 
side of the pump body 18. The data shown in FIG. 13 
was obtained by using a fuel pump having the same 
specifications as the above-mentioned fuel pump used 
in the experiment of FIG. 10. In this case, the pressure 
difference between the outlet port side and the inlet port 
side of the partition 33 is larger than the pressure differ- 
ence between the outlet port side and the inlet port side 
of the partition 34, due to negative pressure developed 
by the existence of the inlet port 19. Therefore, the 
length of the partition 33 is required to be longer than 
the length of the partition 34. 

[0053] As shown in FIG. 13, when the length of the 
partition 33 (body seal angle of the partition 33 in FIG. 

13) <§) is chosen to be between about 60° to 80°, the 
relationship between the length (sealing width) of the 
partition 33 and the flow passage length of the first pump 
channel 35 can be optimized, so that the pump efficien- 
cy can be increased. 

[0054] In the above-mentioned embodiment, the 
pump efficiency was described as being increased by 
adjusting the distance © between the terminal end of 
the first pump channel 35 and the terminal end of the 
outlet port 20, the distance® between the starting end 
of the enlarged channel portion 38 and the starting end 
of the second pump channel 36, the cover seal angle 
(D and the body seal angle ® . However, the pump ef- 
ficiency can be also increased by adjusting only one or 
some of® to®. 

[0055] Further, although a fuel pump for supplying fuel 
was described In this specification, the present invention 
may be applied to a fluid pump for supplying various 
kinds of fluids other than fuel. 

[0056] The present invention is not limited to the con- 
structions that have been described as the representa- 
tive embodiment, but rather, may be added to, changed, 
replaced with alternatives or otherwise modified without 
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Claims 

5 

1. A fluid pump, including an impeller having blade . 
grooves formed along a perimeter of the impeller 
and a pump housing- covering the impeller, the 
pump housing having an inlet port formed on one 

10 axial side of the impeller, an outlet port formed on 
the other axial side of the impeller, a pump channel 
extending between the inlet port and the outlet port 
along a travelling path of the blade grooves, and a 
partition formed between the inlet port and the outlet 
15 port, the pump channel having a first pump channel 
that faces one end surface of the impeller on the 
side of the inlet port and a second pump channel 
that faces the other end surface of the impeller on 
the side of the outlet port, wherein a terminal end c 
the outlet port is located at a position displaced 
about 25° to 60° from a terminal end of the first 
pump channel in a direction of rotation of the impel- 
ler. 

2. The fluid pump as defined in claim 1, wherein the 
pump housing further includes an enlarged channel 
portion that is defined between the partition and a 
channel communicating portion at which the first 
pump channel communicates with the inlet port, the 
enlarged channel portion having a larger flow pas- 
sage area than a flow passage area reduced by the 
partition, and wherein a starting end of the second 
pump channel is located at a position displaced 
about 8° to 30° from a starting end of the enlarged 
channel portion in the direction of rotation of the im- 
peller. 

3. The fluid pump as defined in claim 1 or 2, where' 
an angular length of the partition formed on the sidt? 

40 of the second pump channel is chosen to be be- 
tween about 25° to 45°. 

4. The fluid pump as defined in any one of claims 1 to 

3, wherein an angular length of the partition formed 
45 on the side of the first pump channel is chosen to 

be between about 60° to 80°. 

5. The fluid pump as defined in any one of claims 1 to 

4, wherein each of the blade grooves has a curved 
50 section with respect to a circumferential direction of 

the impeller, the curved section being inclined rear- 
ward in the direction of rotation of the impeller. 

6. The fluid pump as defined in any one of claims 1 to 
55 5, wherein an opening of the blade groove is tilted 

in a radial direction of the impeller. 

7. The fluid pump as defined in any one of claims 1 to 
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6, wherein a communicating hole extends between 
each of back-to-back pairs of the, blade grooves that : 
are fornied within both axial end surfaces of the im- 
peller. 

5 

A fluid pump, including an impeller having blade 
grooves formed along a perimeter of the impeller 
and a pump housing covering the impeller, the 
pump housing having an inlet port formed on one 
axial side of the impeller, an outlet port formed on 10 
the other axial side of the impeller, a pump channel 
extending between the inlet port arid the outfet port 
along a travelling path of the blade grppVes; and; a 
partition formed between the inlet port and the outlet , 
port, the pump channisl having a first pump channel 15 
that faces one end surface of the impeller on the 
side of the inlet port arid a second pump channel 
that faces the other end surface of the impeller on 
the side of the outlet port, wherein the pump 
ing further includes a enlarged channel portion that 20 
is defined between the partition and a channel com- 
municating portion at which the first pump channel 
communicates with the inlet port, the enlarged 
channel portion having a larger flow passage area 
than a flow passage area reduced by the parti ton, 25 
and wherein -W starting end bf the second pump 
channel is located at ia position displaced about 8° 
to 30° from a starting end of the enlarged channel : 
portion in a direction bfro • 



9. The fluid pump as defined in claim 8, wherein an 
v;-; angular iehgtr^^ 

the second pump channel is chosen to be between 
about 25° to 45°/ ~^ 

1 0. The fluid pump as defined in claim 8 or 9, wherein 
an angular length of the partition formed on the side 
of the first pump channel is chosen to be between 
about 60° to 80° 



12. A fluid pump, including an impeller having blade 
grooves formed along; a perimeter of the impeller 
and a pump housing covering the impeller, the 
\ pump housing having an inlet port formed on one 
axial side of the impeller, an outlet port formed on 
the other axial side of the impeller, a pump channel 
extending between the inlet port and the outlet port 
along a travelling path of the blade grooves, and a 
partition formed between the inlet port and the outlet 
port, the pump channel having a first pump channel 
that faces one end surface of the impeller on the 
side of the inlet port and a second pump channel 
that faces the other end surface of the impeller on 
the side of the outlet port, wherein an angular length 
of the partition formed on the side of the first pump 
channel is chosen to be between about 60° to 80°. 
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11. A fluid pump, including an impeller haying blade 
grooves formed along a perimeter of the impeller 
and a pump housing covenng the impeller, the 
pump housing having an inlet port formed on one 
axial side of the impeller, ah outlet port formed on 46 
the other axial side of the. impeller, a pump Channel 
extending bejhyeen the inlet port and the outlet port 
along a travelling path of the blade grooves, and a 
partition formed between the inlet port and the outlet 
port, the pump channel having a first pump channel so 
that faces one end surface of the impeller on the 
side of the inlet port and a second pump channel 
that faces the other end surface of the impeller on - 
the side of the outlet port, wherein an angular length 
of the partition formed on the side of the second 55 
- pump channel is chosen, to be between about 25° 

• to 45°. ; • ; '■■ . \ : 
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TERMINAL END OF 
FIRST PUMP CHANNEL 



STARTING END OF 
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FIRST PUMP CHANNEL 




TERMINAL END OF 
OUTLET PORT 



STARTING END OF 
ENLARGED CHANNEL PORTION 



TERMINAL END OF 
SECOND PUMP CHANNEL 
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